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(54) COMPOSITE CATALYST AND DISPROPORTIONATION 

OF ALKYLBENZENES 



(71) We, TEXACO DEVELOPMENT 
CORPORATION, a Corporation organized 
and existing under the laws of the State of 
Delaware, United States of America, of 135 
5 East 42nd Street, New York, New York 
10017, United States of America, do hereby 
declare the invention, for which we pray 
that a patent may be granted to us, and the 
method by which it is to be performed, to 

10 be particularly described in and by the follow- 
ing statement: — 

This invention relates to a novel catalyst, 
to a method for preparing the catalyst, and to 
the catalytic conversion of alkylaromatic hydro- 

15 carbons using the catalyst. In a particularly 
desirable embodiment this invention is direc- 
ted to the catalytic disproportionation of alkyl- 
aromatic hydrocarbons such as toluene, 
xylene, trimethylbenzenes, tetramethylbenzenes 

20 and pentamethylbenzenes. In addition, dispro- 
portionation can be accomplished by isomeriza- 
tion and transalkylation. In another embodi- 
ment, the catalyst according to the invention 
is employed for the selective catalytic dispro- 

25 portionation of such alkylbenzenes as ethyl- 
benzene, cumene and n-propylbenzene to ben- 
zene and dialkylbenzenes. 

The catalytic conversion of alkylbenzenes 
has heretofore been considered employing a 

30 variety of catalysts. Catalysts proposed by the 
art include hydrogen mordenites containing a 
sulphided Group VIII metal and particularly 
decolonized or hydrogen mordenites having 
high silica to alumina ratios as disclosed in 

35 U.S. Patent No. 3,476,821. The process and 
catalytic compositions disclosed in this refer- 
ence provide numerous advantages, including 
the ability to convert toluene selectively into 
benzene and xylenes, with virtually no naph- 

40 thene formation. While, however, the known 
catalysts and processes provide some degree of 
disproportionation of non - methyl alkylben- 
zenes to dialkylbenzenes the degree of con- 
version is limited, or undesirable amounts of 

45 trialkylbenzenes were formed. Further investi- 



gation has now shown that such processes and 
catalysts can be further upgraded, leading to 
higher conversion of the alkylaromatic hydro- 
carbons and increased yields of desired pro- 
ducts, as well as effectively improving the 50 
physical characteristics of the catalysts. 

This invention provides a composite catalyst 
which comprises 

(a) hydrogen mordenite having a silica to 
alumina mole ratio of from 12: 1 to 80: 1, said 55 
hydrogen mordenite being impregnated with 

(b) a sulphided metal from Group VIII of 
the Mendeleev Periodic Table, and 

(c) said composite catalyst comprising 
from 10 to 50 weight % of an eta-alumina 60 
or gamma-alumina binder. 

This invention furthermore provides a 
method of preparing the catalyst which com- 
prises 

(a) impregnating said hydrogen mordenite 65 
with a Group VIII metal; 

(b) admixing said impregnated mordenite 
with hydrated alumina; 

(c) calcining the resulting mixture at a tem- 
perature up to 1100°F thereby converting said 70 
hydrated alumina into an eta-alumina or 
gamma-alumina binder; and 

(d) sulphiding said Group VIII metal. 
The invention further provides a process 

for the conversion of alkylaromatic hydrocar- 75 
bons which comprises contacting said hydro- 
carbon with a sulphide compound and a com- 
posite catalyst as defined above. It has been 
found that the conversion of alkylaromatic 
hydrocarbons in the presence of the aforemen- 80 
tioned catalyst is significantly improved, and 
that the catalyst compositions according to the 
invention possess superior mechanical strength, 
contributing to long catalyst life under the 
processing conditions. 85 

The contemplated alkylaromatic conversion 
process described in greater detail below, in- 
volves disproportionation of the named hydro- 
carbons. As additional embodiments of the pro- 
cess, disproportionation can also be accom- 90 



BNSDOCIO:<GB 13951 14A \ > 



T 



1,395,114 



panied by isomerization and/or transalkyla- 
tion of the hydrocarbon feedstock. 

The alkylaromatic hydrocarbons which can 
be converted by the process according to the 

5 invention include alkylbenzenes possessing 
from one to five methyl groups. Particularly 
preferred alkylbenzenes arc those containing 
from 1 to 4 methyl groups, where the feed- 
stock can be any of the methylated aromatic 

10 hydrocarbons or mixtures thereof. Specific 
examples include toluene; ortho-, meta- and 
para - xylene; trimethylbenzenes such as 
mesitylcne, pseudocumene and hcmimellitene; 
tetramethy] benzenes including durene, iso- 

15 durene and prehnitene; and pentamethylben- 
zene along with mixtures of the above. 

Another group of hydrocarbons that can 
be disproportionated by the process according 
to the invention include non-methyl alkylbcn- 

20 zenes corresponding to the formula : 




where R is an alkyJ group of from 2 to 16, 
preferably 2 to 4, carbon atoms. Specific 
examples of these alkylbenzenes are ethylben- 

25 zene, cumene, n - propylbenzcne, t - butyl- 
benzene, a mixture of n - propyl - and iso- 
propylbenzene, n - hexylbenzcne, 2 - n - 
hexylbenzene, isooctylbenzene, n - decylben- 
zene, n - dodecylbenzene, 3 - n - dodecyl- 

30 benzene and n - hexadecylbenzene. Mixtures 
of these alkylbenzenes can also be dispropor- 
tionated, the preferred mixtures being those 
of compounds having a like number of carbon 
atoms in the alkyl group. Individually pre- 

35 ferred alkylbenzenes are ethylbenzene, cumene 
and t - butylbenzene. 

With regard to the conversion of the hydro- 
carbon by means of disproportionation, the 
feedstock containing one or more alkylarom- 

40 atic hydrocarbons is contacted with the afore- 
mentioned catalyst at a temperature effective 
to convert at least some of the alkylaromatic 
hydrocarbons into aromatic products having a 
greater number and into those having a lesser 

45 number of carbon atoms. 

In addition to hydrocarbons undergoing dis- 
proportionation, hydrocarbons isomerized by 
the present process include those alkylbenzenes 
possessing from two to four methyl groups 

50 including ortho-, meta- and pora-xylene, tri- 
methylbenzenes such as mesitylene, pseudo- 
cumene and hemimellitene and tetramethy I - 
benzenes such as durene, isodurene and preh- 
nitene, along with mixtures of the above. 

55 Likewise, disproportionation can be associ- 
ated with transalkylation when the feedstock 
comprises a mixture of at least two alkylben- 
zenes having from one to five methyl groups 
and where at least two alkylbenzenes in the 



mixture have a different number of methyl 60 
groups. Illustratively, toluene and penta- 
methylbenzene can be transalkylated to 
xylenes, trimethylbenzenes and tctramethylbcn- 
zenes. 

Similarly, disproportionation, isomerization 65 
and transalkylation can be simultaneously 
undertaken when the feedstock comprises a 
mixture of at least two alkylbenzenes having 
from two to four methyl groups, and where 
at least two alkylbenzenes in the mixture have 70 
a different number of methyl groups. For 
example, such a conversion can be conducted 
employing a mixture of a xylene, such as 
orr/zo-xylene, and 1 ,2,4,5 -tetramcthylbenzcne. 

In accordance with our invention, the com- 75 
posite catalyst employed to convert the afore- 
mentioned hydrocarbons is prepared by initi- 
ally providing a hydrogen mordenitc having 
a silica to alumina mole ratio from 12:1 to 
80:1. In a highly preferred embodiment the 80 
hydrogen mordenitc has a silica to alumina 
mole ratio of 25: 1 to 50:1. Hydrogen mor- 
denites for use as a component of the com- 
posite catalyst can be prepared from natural 
or commercially available synthetic sodium 85 
mordenites or commercially available hydrogen 
mordenites having silica to alumina ratios of 
about 10:1. 

The sodium form of mordenite is not effec- 
tive as a component of the catalyst employed 90 
herein. It may, however, be converted into 
hydrogen mordenitc by ion exchange of the 
sodium in the mordenite with ammonium ions, 
followed by heating or calcining to drive off 
ammonia. Alternatively, decationized or hydro- 95 
gen mordenite can be provided by acid treat- 
ment of the sodium form. The hydrogen 
mordenitc (10:1 Si0 2 /Al 2 0 3 ), whether pre- 
pared as above or available from commercial 
sources, is thereafter subjected to severe acid 100 
leaching so as to increase the silica to alumina 
mole ratio of the hydrogen mordenite to the 
required range from 12:1 to 80:1. The acid 
leaching operation must not, however, destroy 
the crystalline structure of the mordenite. 105 
Moreover, little improvement is realized in the 
process when the silica to alumina ratio of 
the mordenite exceeds the required range. 
Consequently, as a practical limit the acid 
leaching should be severe enough to produce 110 
a mordenite having a silica to alumina ratio 
of from 12: 1 to 80: 1, preferably from 25 : 1 
to 50:1. To acid-leach the hydrogen mor- 
denite, a mineral acid, for example hydro- 
chloric or sulphuric acid, is employed to re- 115 
move aluminium selectively without destroying 
the crystalline structure of the mordenitc. Acid 
strengths of 1 to 8N are appropriate, and the 
leaching temperatures can range from room 
temperature up to the boiling point of the 120 
acid solution. Acid-leaching is best accom- 
plished when the mordenite is in the powdered 
form and not when pelleted. Following the 
leaching operation, the mordenite is water 
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washed free of acid anions and is in the form 
of small soft aggregates, generally of a par- 
ticle size in the range of 0.5 to 10 microns. 
The acid-leached hydrogen mordenite is now 
5 in a suitable form for impregnation with an 
aqueous solution of a Group VIII metal salt. 
Group VIB metals may also be associated 
with the mordenite, and the Group VIII im- 
pregnating solution may additionally contain 
10 soluble salts of members of Group VIB, or 
separate and subsequent impregnation may be 
undertaken with the Group VIB component. 
Group VIII metals including platinum, pal- 
ladium, rhodium, ruthenium, nickel and cobalt 
15 are introduced in an amount sufficient to pro- 
vide the final composite catalyst with a Group 
VIII metal content of from 0.2 to 10.0 
weight %. Preferably, nickel or cobalt are em- 
ployed in an amount of from 3.0 to 8.0 weight 
20 %. Platinum, palladium, rhodium and ruthe- 
nium are preferably present in an 
amount of 0.2 to 2.0 weight %. The Group 
VIB metal, i.e. tungsten, molybdenum or 
chromium, can also be associated with the 
25 hydrogen mordenite in an amount of from 
3.0 to 15.0 weight % based on the com- 
posite catalyst. After employing impregna- 
tion techniques well known to the art, the im- 
pregnated high-silica hydrogen mordenite is 
30 beneficially heated to a temperature of from 
100 to 300°F so as partially to dry the im- 
pregnated particles. 

The improvements in alkylaromatic con- 
version are achieved by mixing the metal-im- 
35 pregnated high-silica hydrogen mordenite with 
hydrated alumina, such that the ultimate com- 
posite catalyst contains alumina as a com- 
ponent thereof in an amount of from 10 to 
50 weight % preferably from 15 to 30 
40 weight %. In practice, the metal-impregnated 
mordenite is introduced into a freshly prepared 
precipitate of hydrated alumina, such as alpha- 
or beta - alumina hydrate, and the compon- 
ents are mulled by passing through a Colloid 
45 Mill to give a uniform dispersion of the 
mordenite in the alumina. The mixing in the 
Colloid Mill causes the impregnated mor- 
denite aggregates, some of which may be of a 
size of 20 to 50 microns, to be broken down 
50 into particles having average diameters of 0.5 
to 5 microns. It has been found that by im- 
pregnating the hydrogen mordenite powder, 
it is possible to secure a more uniform distri- 
bution of the metal component than can be 
55 obtained by impregnation of a formed pellet. 
The composite resulting from the mixing 
operation is dried, for example at the tem- 
peratures of 130 to 150°F, although higher or 
lower temperatures may also be employed. 
60 The composite is subsequently crushed and 
sieved, for example through a —40 mesh 
(US Standard). Sufficient water is added to 
give a good extrusion mix and the composite 
is formed into the desired shape contemplated 
65 for ultimate use. Illustratively, the particles 



can be ground to provide a finely divided 
catalytic mass, for instance by mulling, or 
beads may be formed, but it is preferred 
that the composite be extruded. 

Subsequent to shaping, the composite is dried 70 
and ^ calcined at a temperature of up to 
1100°F. Drying of the composite may be 
undertaken at ambient temperature, or at tem- 
peratures of about 300°F, for several hours. 
Alternatively, ambient temperature can be 75 
initially employed with subsequent incremental 
increases in temperature to about 300°F. 
Thereafter the composite is calcined at tem- 
peratures of from 500 to 1100°F, preferably 
m a stream of dry gas, and preferably at 80 
maximum temperatures of from 850 to 
1000°F. Calcining of the composite converts 
the hydrated alumina into a gamma- or eta- 
alumina binder, depending upon whether the 
initial hydrate with alpha- or beta-alumina. 85 
At the completion of the calcination step, the 
converted alumina is transformed into a stron* 
binder. Pellets prepared by this technique pos- 
sess crush strengths of from 10 to 40 pounds 
whereas catalysts excluding alumina are weak 90 
and have crush strengths of only a few 
pounds. 

The Group VIII metal component of the 
calcined composite is thereafter converted into 
the sulphide and maintained in that condition 95 
during use. The metal component may be 
sulphided by contacting with for example 
hydrogen sulphide, at a temperature of from 
400 to 800°F, contained in a carrier *as 
such as hydrogen. In another technique the 100 
catalyst can be heated to operating tempera- 
ture and then contacted with the liquid free 
enriched with a sulphur-containing compound, 
for example carbon disuiphide or dimethyl di- 
sulphide. y 1Q5 

Inasmuch as the sulphided catalyst metal 
may be reduced during use, particularly when 
alkyJaromatic conversion is conducted in the 
presence of hydrogen, the introduction of 
minor amounts of sulphur compounds into 110 
the reaction vessel will maintain the catalvst 
in a sulphided condition. This may be done 
by adding hydrogen sulphide to the hydrogen 
stream entering the reactor, or by incorpor- 

disuiphide or 115 
dimethyl disuiphide, which decompose readily 
to hydrogen sulphide in the presence of hydro- 
gen under the reactor conditions. These addi- 
tions should be sufficient to maintain a mole 
ratio of hydrogen sulphide to hydrogen in the 120 
gas phase of from 3 X 1(H to 1 X 10' 2 over 
the catalyst. Typically, mole ratios of from 
7X10- to 5X1(H of hydrogen sulphide to 
hydrogen are used, with the higher ratios of 
. 2 ^ : H = generally being used at higher reac- 125 
tion temperatures. It has been found that this 
low concentration of sulphide achieves the 
desired result without contaminating the pro- 
ducts of conversion. 
Although hydrogen has often been employed 130 
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in prior art catalytic conversion processes, its 
use in the process of the present invention is 
not critical. The use of hydrogen is recom- 
mended, however, since it will prolong the use- 

5 ful life of the catalyst. In general preferred 
operating conditions for alkylaromatic con- 
version, when the alkylaromatic hydrocarbon 
is a mcthyl-substitutcd benzene, include space 
velocities in the range of 0.1 to 15 liquid 

10 volumes per hour per volume of catalyst, pre- 
ferably 0.5 to 8 LHSV; temperatures in the 
range of 400 to 750° F, preferably 450 to 
650° F; pressures within the range of 100 
to 2000 p.s.i.g., preferably in the range of 

15 800 to 1200 p.s.i.g.; and, when hydrogen is 
used, hydrogen concentrations of 100 to 15,000 
s.c.f./bbl. of feed, preferably 5000 to 10,000 
s.c.f./bbl. The reaction is suitably carried out 
over a fixed bed of catalyst with feedstock 

20 passing downwardly through the catalyst bed. 
When the catalysts are employed for the 
disproportionate of a lkyl benzenes in which 
the a lkyl groups have 2 to 16 carbon atoms, 
the operating conditions are generally the 

25 same, except that the temperatures employed 
are advantageously from 350 to 650 °F, pre- 
ferably from 450 to 600° F, for ethylbenzene 
and cumene, and 400 to 550° C for compounds 
containing butyl and higher alkyl groups. 

30 As the catalyst ages, its activity slowly 
diminishes. The catalyst may be maintained 
at or periodically brought back to, approxi- 
mately its initial level of activity by increasing 
the operating temperature. Ultimately, re- 

35 generation of the catalyst by oxidation can 
be employed, involving a controlled burning 
of the contaminants from the surface of the 
catalyst structure with air, or a mixture of 
inert gases with air or oxygen. 

40 The beneficial effects derived from the 
aforementioned invention are twofold. First 
the composite catalyst possesses significantly 
greater mechanical strength than dealuminized 
mordenites containing a sulphided Group 

45 VIII metal thereon. The improved mechanical 
strength is attributed to the presence in the 
composite of the eta- or gamma -alumina 
binder. Secondly, and totally unexpected, is 
the greater activity possessed by the com- 

50 posite catalyst containing the alumina binder. 
Such a result was unexpected, inasmuch as 
alumina is virtually an inert material for dis- 
proportionating aikylbenzenes. Contary to what 
would have been expected, namely that the 

55 catalyst activity of the Group VIII sulphided 
de-aluminized mordenite would be diminished 
by dilution with alumina, it has been found 
that higher conversions, in terms of alkylben- 
zene converted, result in the presence of the 
60 composite catalyst. 

Operating in accordance with the condi- 
tions and catalyst described above, it has been 
found that a methylated aromatic feedstock is 
selectively converted into products which are 
65 substantially free of ethylated aromatics, C 6 



and C 7 naphthencs and light hydrocracked 
products boiling below 150°F. For example, 
toluene disproportionates to benzene and iso- 
meric xylenes, yielding a product substantially 
free of ethylbenzene, thereby providing an 
attractive route for the preparation and re- 
covery of para - xylene from the aromatic 
fractions formed. Likewise, disproportionation 
of ortho - xylene results in a product low in 
alkylated aromatic isomer content such that the 
concentration of trimethylbenzenes is propor- 
tionately high and recovery of mesitylenc, in 
particular, by distillation is facilitated by the 
relative absence of ethyltoluenes such as ortho- 
ethyltoluene. Other advantages include the ab- 
sence of ethylbenzene in the xylene fraction 
enabling recovery of para - xylene by low 
temperature crystallization more efficiently. 
The disproportionation of xylene or more 
highly methylated benzenes leads to isomeriza- 
tion of the Q, G, and C, 0 methylbenzenes 
to approximately their thermodynamic equili- 
brium distribution. 

On disproportionating and isomerizing 
ortho - xylene, pseudocumene and other poly- 
methylbenzencs, the relative amounts of the 
dimethyl-, trimethyl- and tetramethylbenzene 
isomers arc approximately in accordance with 
the amounts anticipated from thermodynamic 
considerations. For example, the relative 
amounts of dimethylbenzcnes, trimethylben- 
zenes and tetramethylbenzenes to be found in 
the C s , C 9 and C 1(l fractions respectively, 
from thermodynamic equilibrium considera- 
tions, are as follows at 44TF and 621°F. 



Temperature, °F 

Mole Percent in C 8 fraction 

1.2 - dimethylbcnzene 

1.3 - dimethylbcnzene 

1.4 - dimethylbenzene 

Mole Percent in G, fraction 

1.2.3 - trimethylbenzene 

1.2.4 - trimethylbenzene 

1.3.5 - trimethylbenzene 



441 621 



20.6 
55.2 
24.2 



6.0 
67.1 
26.9 



21.9 
54.1 
24.0 



7.7 
67.8 
24.5 



Mole Percent in C lu fraction 

1.2.3.4 - tetramethyl- 
benzene 13.1 

1.2.3.5 - tetramethyl- 
benzene 51.3 

1,2,4,5 - tetramethyl- 
benzene 35.6 



15.2 
50.5 
34.3 



70 



75 



80 



85 



90 



95 



100 



105 



110 



115 



As will be seen in the Examples below, the 
relative amounts of the dimethylbenzenes and 
trimethylbenzenes on isomerizing and dispro- 
portionating xylene are in good agreement 120 
with these thermodynamic values. In dispro- 
portionating pseudocumene (1,2,4 - trimethyl- 
benzene), the amount of prehnitene (1,2,3,4- 
tetramethylbenzene) relative to the other tetra- 
methylbenzenes is slightly less and the amount 125 
of durene (1,2,4.5 - tetramethylbenzene) is 
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sightly greater than the amounts predicted on in turn can be used to produce such material, 

chemical equilibrium considerations. The as synthetic rubber, teSs Id 2 

formation of a greater amount of durene rela- ddes? Other aromatic ffirbons si 

5 !L l Preh H ItCne - ^ -T^ be expected the trimethylbenzenes, pseudoWene and 

Ihl? ™,T ^T' cons . lderaUons is a desir " mesit y^ne are employed VespectiZ to pr"- 

able result as durene is a more valuable pare trimetallitic anhydride, useful in ml 

s?£rs^* i * ,,er m n T° iati,e i^-ss^s sje 

^ w !ic u 10 7 J ? \. , , acid t0 cross-linked polymers Tetra- 

,o a! \- lS ° bCC P i0 ™ d that e % lbe nzer* methylbenzenes such as dureVie m emDlored 

10 di^roport« forming meta-, pam- and in making pyromellitic dknhydr^e ulcd in" 

ortko - diethylbenzenes, with no other material the preparation of higher tt»SSu£ Sarfr 

boiling near these ingredients. The relative polymers. temperature resistant 

amounts of the para-, -meta- and ortAo-iso- Diethylbenzenes may be senary hv 

is a PP. ro ™dy those expected from chromatographic adsorptive P Se S and 

15 thermodynamic equihbrmm considerations, and thereafter dehydrogenated to divSeTzene t 

2 ca a w arC A ° X ° btam£d With 0ther P ° ]ymer precursor LikewiS, ?. dl iso- 

zeolite Y catalysts, where the ratio of 1,3,5- 
to 1,2,4 - triethylbenzenc corresponds to the 
thermodynamic ratio of 2 ; 1, the ratio of 1,3 
5- to 1,2,4 - triethylbenzene is found to be 
25 well below 2 for the high Si0 2 /Al 2 0 3 mole 
ratio acid mordenite composite catalyst of the 
present invention. 

t When disproportionatmg cumene, the di - 
isopropylbenzenes and benzene are the pre- 

30 dominant products, with little tri - isopropyl- 
benzene being formed. The di - isopropyl- 
benzenes are formed in a ratio similar to that 
found with other catalysts. However, the ratio 
or 1,3,5 - to 1,2,4 - tri - isopropylbenzene 

35 formed with the high Si0 2 /Al £ 0 3 mole ratio 



70 



80 



, dUU /lara-ai-isopropylbcn- 

reTord^l S Prep3rin g ™ cchol > 

resoronol and hydroqumone respectively, bv 

ox.diz.ng the di - isopropylbenzene to the 

corresponding dihydroperoxide which is 

cleaved to the dihydroxybenzenc and acetone 

nf rhic " t0 . llIustra J te m °re fully the nature 
of this invention and the manner in which 
it can be practised the following examples are 
presented. All mesh sizes are U.S. Standarf 
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90 



EXAMPLE 1 
2000 grams of a commercially available 
sodium mordenite powder having an average 
particle size of 10 to 30 microns and cwn- 



95 



40 



_ . , I . — —b" "'"s/nisui inoie ratio H<"ut.rc size or 1U to 50 miernno o-nA 

acid mordenite composite catalyst is well prising 6.86 weight % of n T ° t 

Having a Si0 2 /AI 2 0 3 mole ratio of 11.4/1 was 
acid-leached wn*tfc a _r ^ T Tm, 7 / _ 



100 



Similar^ the total amounts of trialkylben- ^S^ST^^g^ 

IrZZJk ' aDd u - ^Ikylbenzenes) hours at a temperature of 130 to 140°F The 

Z ° bUm i with other "id was decanted and the sohdV were washS 

for the same degree of non-methyl alkyl- three times with 4 litres of hotwte^HnS in* 

5S? dls P ro P°^*>n. The" cUspropor- times with 4 litres of cold S riving ™ 

« S k " Pr T rJy - limited 10 benzene 'and product comprising 0.95 weigh? y of NaO 

JSHSS? 6 f °f , , ati Tn an , d secondar y «*- 6 - 9 ^ % ° f W, 2 86 1 weight/ 

proportionation of the dialkylbenzenes is sup- of SiC, and having a SiO/Al 6 ^if J" 

TbjS ,. su ^ ests that «i« composite of 212/1. The acld^ 110 

SgSStSi* invention act as grt aad was -^Tee'f 110 

^ru j, catalysts. chloride ion, dried at 300°F and rairm^ 

Jt&^l^. arom- at a tcmpemure of IOoo'fL a SLfSg 

air. The finnl r.n'rJ.i^^v.*,^ j J 
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j T wauu Aoumtri^cu arom- 
atic hydrocarbons provided by process of the 
invention have utility as solvents or as raw 
materials for the manufacture of numerous in- 
dustrial chemicals and products. For example 
ortho - xylene finds application as a raw 
material in the production of phthalic an- 
nyande and phthalate plasticizers, while 
xylene is important m the production of iso- 
phthahc acid. Paw - xylene is used in the pro- 
duction of tercphthalic acid or terephthalate 
esters, which find particular utility in the 
manufacture of polyester fibre. Benzene pro- 
duced m the process is useful as a solvent and 
as a raw material for the synthesis of styrene, 
65 phenol, nitrobenzene and cyclohexane, which 



60 



air. trie final acid-lcached mordenite con- 

o/ Sted ,° f Ai 0 ^ 9 Wdght % of Na A 3.74 weight 115 
% of A1 2 0 3 , and 88.2 weight % of SiO 

and had a Si0 2 /Al 2 0 3 mole ratio of 40/1 

410 grams of the acid-leached mordenite 

were impregnated with 250 cc of a cobalt 

rntrate solution containing 125 grams of 120 

U>(JNU 3 ) 2 . tfHoO, and the impregnated pow- 

of ^^to^F^ 16 h ° UrS 3t 3 tem P eratoe 
368 grams of A1 2 (S0 4 ) 3 . 18H.0 were 
dissolved in 3 litres of distilled water, and 125 
300 cc of concentrated ammonium hydroxide 
were added to precipitate aluminium 
Hydroxide. The precipitate was recovered by 
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filtration and washed 3 times with distilled 
water. The cobalt-impregnated acid-leached 
mordenite was mixed with the wet hydrated 
alumina precipitate and passed through a mill 

5 to eflect homogeneous mixing. After parti- 
ally drying the mixture at a temperature of 
130 to 140° F for 16 hours and extruding into 
1/16 inch pellets, the pellets were dried at 
room temperature for 16 hours, at 130 to 

10 140°F for 8 hours, at 300°F for 16 hours and 
finally calcined at 100CTF for 2 hours in dry 
air. The calcined catalyst pellets were sul- 
phided at 700° F for 4 hours with hydrogen 
sulphide. The recovered sulphided catalyst 



comprised 4.4 weight % of cobalt, 6 weight 15 
% of sulphur, and 15 weight % of gamma- 
alumina, the remainder being hydrogen mor- 
denite having a Si0 2 /Al 2 O 3 mole ratio of 
40/1. The composite catalyst had an average 
crush strength of 20 pounds as determined by 20 
using a Chatillon Crush Strength Tester. 

A scries of runs was conducted using a 
toluene feedstock comprising 99.8 weight % 
of toluene and 0.2 weight % of carbon di- 
sulphide, which was introduced to dispropor- 25 
donation reactors containing 100 cc of the 
catalyst prepared above under the processing 
conditions summarized in Table I. 



TABLE I 

30 Run 1 2 3 

Temperature, °F 550 515 575 

LHSV 2.0 5.3 4.9 

Pressure, p.si.g. 800 800 800 

H^/hydrocarbon mole ratio 5 5 5 

35 Weight % Sulphur in Feed 0.2 02 0.2 



Product Analysis, wt. % 

Cracked Below C f , 

C 65 C„ C a naphthenes 

Benzene 
40 Toluene 

Ethylbenzene 

Para - xylene 

Meta - xylene 

Ortho - xylene 
45 Para - ethyltoluene 

Meta- 4- ortho - ethyltoluene 

Mesitylene 

Pseudocumene 

Heiriimellitene 
50 Ethylxylenes 

Durene 

Isodurene 

Prehnitene 

Heavier than C l0 

55 In the temperature range of 500 to 600°F 
the maximum theoretical conversion of toluene 
by disproportionation is about 58%. It is seen 
from Table I that an approach of about 87% 
to chemical equilibrium is obtained at 550° F 

60 and 2 LHSV, while at the same time a high 
selectivity for benzene and polymethylbenzene 
formation is retained. For example, the C 8 
aromatic fraction is nearly all dimethylben- 
zenes (xylenes) with less than 0.4% of ethyl- 

65 benzene. This C M fraction is then an excellent 
stock for xylene separation, as there is no 
need to fractionate out ethylbenzene before 
para - xylene recovery can be initiated. The 
xylene concentrations in the C H aromatic frac- 

70 tion are at thermodynamic equilibrium with 
each other, and the same is true of the tri- 
methylbenzenes in the C 0 fraction. 

Significant conversions are also obtained at 
still higher flow rates of toluene over the 



0.06 — — 

0.19 0.05 0.08 

22.64 9.77 17.77 

49.12 78.23 59.82 

0.09"! ~) 

5.87 > 8.66 M5.27 

12.96*1 J 

4.89 2.26 4.13 

0.081 1 

0.20 j 0 07 } 0-22 

1.10 026 0.72 

2.33 0.62 1.62 

0.30 0.07 021 

0.04 — 0.03 

0.05 \ 0.05 

0.05 J 001 0.04 

0.02 — 0.02 

0.01 — 0.02 



catalyst and at temperatures of 515 and 75 
575°F. 

EXAMPLE 2 

2000 grams of the commercially available 
sodium mordenite powder used in Example 
1 were acid-leached four times under the 80 
conditions set out in Example 1. The final 
acid-leached mordenite comprised 0.02 weight 
% of Na,0, 2.54 weight % of A1 2 0 3 , and 
90.6 weight % of SiO„ and had a SiO,/ 
ALO ;! mole ratio of 60/1. 85 

400 grams of the above described acid- 
leached mordenite was impregnated with 
200 cc of a nickel nitrate solution containing 
107 grams of Ni(N0 3 ) 2 . 6H,0 and the im- 
pregnated powder was dried for 16 hours at 90 
a temperature of 130 to 140°F. 

817 grams of Al^SO*)* . 18H,0 were dis- 
solved in 3 litres of distilled water, and 
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400 cc of concentrated ammonium hydroxide 
were added to precipitate aluminium 
hydroxide. The precipitate was recovered by 
filtration and washed three times with distilled 
5 water. Half of the resulting alumina gel was 
used in further preparing the catalyst. 

720 grams of the nickel-impregnated acid- 
leached mordenite were mixed with 1455 
grams of wet hydrated alumina gel and passed 

10 through a mill to effect homogeneous mixing. 
After partially drying the mixture at 130 
and 140°F for 16 hours the mixture was 
ground and sieved to -40 mesh. Sufficient 
water was added to ensure a good extrusion 

15 mix and the material was then extruded into 
1/16 inch pellets. The pellets were dried at 
ambient temperature for 16 hours, at 130 to 
HOT for 8 hours, and at 300°F for 16 
hours. Thereafter, the pellets were calcined 

20 in dry air starting at 500°F, and the tem- 
perature was raised in increments of 100 °F 
per hour until a final temperature of 1000°F 
was reached, whereupon the catalyst was cal- 
cined at 1000°F for two hours in dry air. 

25 The calcined catalyst was sulphided at 
700°F for 4 hours with H 2 S and subsequently 
cooled in a stream of dry nitrogen. The sul- 
phided catalyst comprised 4.6 weight % of 
nickel, 5,5 weight % of sulphur, and 15 

30 weight % of gamma-alumina, the remainder 
being hydrogen mordenite having a SiOo/ 
AL0 5 mole ratio of 60/1. The material had 
an average crush strength of 14 pounds as 
determined employing a Chatillon Crush 

35 Strength Tester. 

EXAMPLE 3 
460 grams of commercially available hydro- 
gen mordenite powder comprising 8.9 weight 
% of A1 2 0 3 , and 8L1 weight % of SKX, 
40 and having a Si0 2 /Al 2 0 3 mole ratio of 16/1 
was impregnated with 250 cc of a solution con- 
taining 125 grams of Co(N0 3 ) 2 . 6H 2 0. The 
material was dried at 130 to MOT for 16 
hours. 

45 368 grams of A1 2 (S0 4 ) 3 . 18H 2 0 were 
dissolved in 3 litres of distilled water and 
300 cc of concentrated ammonium hydroxide 
were added in order to precipitate aluminium 
hydroxide. The precipitate was recovered by 

50 filtration and washed three times with dis- 
tilled water. 

669 grams of the cobalt-impregnated hydro- 
gen mordenite, were mixed with 971 grams 
of the wet hydrated alumina gel and passed 

55 through a Colloid Mill to effect homogeneous 
mixing. After partially drying the mixture at 
130 to 140°F for 16 hours, the mixture was 
ground and sieved to —40 mesh. Sufficient 
water was added to ensure a good extrusion 

60 mix and the material was then extruded into 
1/16 inch pellets. The pellets were dried 
and calcined in the same manner as in 
Example 2. The catalyst comprised 4.7 weight 
% of cobalt, and 15 weight % of gamma- 



alumina, the remainder being hydrogen mor- 65 
denite having a Si0 2 /AI 2 0 3 mole ratio of 
16/1, and had an average crush strength 
of 40 pounds. The catalyst was sulphided 
in the manner described in Example 2 and 
had the following calculated composition : 5.0 70 
weight % of cobalt, 2.7 weight % of sulphur, 
and 15.0 weight % of gamma - alumina, the 
remainder being hydrogen mordenite, and had 
a crush strength similar to that of the un- 
sulphided material. 75 

EXAMPLE 4 
(For Comparison) 

2000 grams of commercially available 
sodium mordenite 1/16 inch pellets compris- 
ing 7.2 weight % of Na 2 0, 12.5 weight 80 
% of AL0 3 , and 75.0 weight % of Si0 2 , ■ 
and having a Si0 2 /Al,0 3 mole ratio of 10/1 
were acid-leached with 4 litres of 6N HC1 
for 24 hours at a temperature of 130 to 
140°F. The acid was decanted and the solids 85 
were washed three times with six litres of 
hot water and three times with six litres of 
cold water. The acid-leaching was repeated 
three more times and the product was washed 
free of chloride ion, dried at 300°F and cal- 90 
cined at a temperature of 1000°F in dry air. 
The final acid-leached mordenite comprised 
0.07% of Na 2 0, 2.3 weight % of Alo0 3 , 
and 88.3 weight % of Si0 2 , and had a 
Si0 2 /Al 2 0- mole ratio of 65/1. 423 grams 95 
of the acid-leached mordenite pellets were 
thereafter impregnated with 200 cc of a 
cobalt nitrate solution containing 105 grams 
of Co(N0 3 ) 2 . 6H 2 0. After drying on steam 
plate for 2 hours and at 300°F for 16 hours, 100 
the pellets were calcined in dry air starting at 
500°F for 1 hour and the temperature was 
raised in increments of 100°F per hour until 
a final temperature of 1000°F was reached, 
whereupon the pellets were calcined at 1000°F 105 
for 2 hours in dry air. 

The calcined pellets were sulphided at 
700°F for 4 hours with H 2 S, and the final 
catalyst comprised 5.5 weight % of cobalt, 
and 3.4 weight % of sulphur, the remainder 110 
being hydrogen mordenite having a Si0 2 / 
Al 2 O a mole ratio of 65/1. The catalyst had an 
average crush strength of 4.0 pounds. 



EXAMPLE 5 
(For Comparison) 115 
340 grams of aliimina 1/16 inch pellets 
were impregnated with 200 cc of a cobalt 
nitrate solution containing 90 grams of 
Co(N0 3 ) 2 . 6H 2 0. The pellets were dried, 
calcined and sulphided as in Example 4. The 120 
final material had a calculated composition of 
4.7 weight % of cobalt, and 2.5 weight % 
of sulphur, the remainder being alumina, and 
had an average^ crush strength of 12.7 pounds. 
Such a composite catalyst has substantially no 125 
activity for disproportionating alkyl aromatic 
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hydrocarbons of the type that can be treated 
according to the present invention. 

EXAMPLE 6 
4000 grams of commercially available 
sodium mordenite powder comprising 6.86 
weight % of Na.O, 10.2 weight % of A\ 2 0, 9 
and 68.2 weight % of SiO,, and having a 
Si0 2 /Al 2 0 3 mole ratio of 11.4/1, were acid- 
leached with 8 litres of 6N HC1 for 24 hours 
at a temperature of 130 to 140°R The acid 
was decanted and the solids were washed three 
times with four litres of hot water and three 
times with four litres of cold water. The acid- 
leaching was repeated a second time and the 
product was washed free of chloride ion, dried 
at 300 °F and calcined in dry air at a tem- 
perature of 1000°R The final acid-leached 
mordenite comprised 0.31 weight % of NaoO, 
4.53 weight % of A1 2 0 3 , and 90.9 weight 
% of SiO-j and had a SiO ./Al ,0 3 mole ratio 
of 34/1. 

1323 grams of the above described acid- 
leached mordenite were impregnated with 
600 cc of a cobalt nitrate solution containing 
375 grams of Co(N0 3 ). . 6H 2 0 and the im- 
pregnated powder was dried for 16 hours at 
a temperature of 130 to 140°F. 

1470 grams of Al 2 (S0 4 )a - 18H 2 0 were 
dissolved in twelve litres of distilled water, and 
1000 cc of concentrated ammonium hydroxide 
were added to precipitate aluminium 
hydroxide. The precipitate was recovered by 
filtration and washed three times with distilled 
water. 

The cobalt-impregnated acid-leached mor- 
denite was mixed with the wet hydrated 
alumina gel and passed through a Colloid Mill 



to effect homogeneous mixing. After partially 
drying the mixture at 130 to 140°F for 16 
hours, it was ground and sieved to —40 
mesh. Siifficient water was added to ensure a 
good extrusion mix and the material was then 
extruded into 1/16 pellets. The pellets were 
dried at ambient temperature for 16 hours, 
at 130 to 140°F for 8 hours and at 300°F 
for 16 hours. Thereafter the pellets were cal- 
cined in dry air starting at 500°F and the 
temperature was raised in increments of 
100°F per hour until a final temperature of 
1000°F was reached, whereupon the catalyst 
was calcined at 1000°F for two hours. 

The calcined catalyst was sulphided at 
700°F for 4 hours with hydrogen sulphide 
and subsequently cooled in a stream of dry 
nitrogen. The sulphided catalyst comprised 
3.5 weight % of cobalt, 7.5 weight % of 
sulphur, and 15.0 weight % of alumina, the 
remainder being hydrogen mordenite having 
a SiO«/Al 3 0 3 mole ratio 34/1. The material 
had an average crush strength of 18 pounds 
as determined employing a Chatillon Crush 
Strength Tester. 

EXAMPLE 7 
The catalysts prepared in Examples 4 to 
6 were evaluated to determine their ability 
to disproportionate alkyl-aromatic hydrocar- 
bons. In this Example, toluene was selected 
as the feedstock and the results are set out 
in Table II below. The feedstock employed 
in the runs reported in Table II comprised 
99.8% of toluene and 0.2% of carbon disul- 
phide introduced to disproportionation reac- 
tors containing 100 cc of the respective 
catalysts. 



TABLE II 



95 



Catalyst, Example 

Temperature, °F. 
LHSV 

Pressure, p.s.i.g. 
H 2 /hydrocarbon mole ratio 

Product Analysis, wt. percent 
Non-aromatics 
Benzene 
Toluene 
C fl aromatics 
C. } aromatics 

From Table II it will be seen that catalyst 
5j, composed of cobalt sulphide on alumina, 
leads to substantially no conversion of toluene, 
and was deemed inactive. The introduction of 
alumina as a component of a catalyst compris- 
ing a Group VIII metal on acid-leached 
mordenite gave a catalyst (Catalyst 6) far 
superior to one comprising the Group VIII 
metal and acid-leached mordenite (Catalyst 



4 


5 


6 


553 


557 


553 


2.9 


3.3 


3.0 


800 


800 


800 


5.2 


4.7 


5.3 


0.2 


0.1 


0.2 


10.0 


0.1 


18.7 


77.1 


99.8 


56.6 


11.8 




21.5 


0.9 




3.0 



4). The conversion of toluene when Catalyst 
6 was employed (43.4%) was almost twice 
as great as when Catalyst 4 was used (23%) 
under substantially the same conditions of tem- 
perature, pressure, space velocity and hydro- 
gen to hydrocarbon mole ratio. 

Another material, not shown in Table II, 
comprising 15 weight % of alumina, the re- 
mainder being hydrogen mordenite having a 
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Si0 2 /Al 2 0 3 mole ratio of 40/1, gave low 
toluene conversion (about 15%) at 542°F. 
Deposition of carbon on the material resulted 
in rapid deactivation. 
5 When a transition metal hydrogenation com- 
ponent is not present on the catalyst, it is 
deactivated rapidly due to deposition of coke. 
The addition of from 0.5 to 10 weight %, pre- 
ferably 3 to 8% of nickel or cobalt, or of 
10 from 0.2 to 2.0 weight % of platinum, pal- 
ladium, rhodium or ruthenium, reduces the 
deactivation rate of the catalyst. Catalysts con- 
taining approximately 5 weight % of cobalt, 
present in the sulphided state, have operated 
for over 300 hours with only a slight loss 
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55 



in conversion rate, whereas the same catalyst 
with no metal present is virtually inactive 
within 24 hours due to carbon deposits. 

EXAMPLE 8 
A catalyst composed of 5 weight % of 
cobalt, 5.5 weight % of sulphur, and 15 
weight % of alumina, the remainder being 
hydrogen mordenite having a mole ratio of 
40/1, in the form of 1/8 inch pellets was 
employed to convert ortlio - xylene and 
pseudocumene, each feedstock containing 0.2% 
of sulphur, present as dimethyl disulphide. 
Table III summarizes the results. 



TABLE III 

Feed 

Temperature, °F 
Pressure, p.s.i.g. 
LHSV 

H 2 /hydrocarbon mole ratio 

Product analysis 

Cracked (light paraffins) 
Naphthenes 
Benzene 
Toluene 
Ethylbenzene 
p - xylene 
xylene 
xylene 
Ethyltoluene 
Ethyltoluene 
Ethyltoluene 
1,3,5 - Trimethylbenzene 
1,2,4 - Trimethylbenzene 
1,2,3 - Trimethylbenzene 
Ethylxylenes 

1,2,4,5 - Tetramethylbenzene 
1,2,3,5 - Tetramethylbenzene 
1,2,3,4 - Tetramethylbenzene 
Ethyltrimethylbenzene 
Pentamethylbenzene 



m - 
o - 

P - 
m - 
a - 



Table III shows that the catalyst possesses 
high activity and high selectivity for isomeriz- 
ing and disproportionating polymethylben- 
zenes. Ortho - xylene is isomcrized with an 

60 approach to chemical equilibrium of over 
95%, and disproportionated to benzene, tolu- 
ene, trimethylbenzenes and tetramethylben- 
zenes to an extent of about 70% of the 
theoretical amount of disproportionation. The 

65 trimethylbenzenes formed are in the ratio of 
7.5:68.2:24 for the 1,2,3 - to 1,2,4 - to 
1,3,5 - isomers. This ratio is virtually the 
same as that predicted from thermodynamics. 
In isomerizing ortho - xylene, virtually no 

70 ethylbenzene is formed. In disproportionat- 
ing ortho - xylene, the trimethylbenzenes are 
selectively formed with very little ethyltolu- 
ene produced. The total amount of the three 



Ortho - xylene 

504 
800 
2 

5.8 



0.14 
0.10 
1.80 
17.39 
0.01 
12.83 
31.64 
14.11 
0.01 
0.05 
<0.01 
4.86 
13.60 
1.51 
0.07 
0.73 
1.00 
0.14 



Pseudocumene 

506 
800 

1.5 

8,2 



0.27 
0.24 
0.12 
2.18 

4.04 
10.10 
3.40 
0.02 
0.06 
<0.01 
1523 
36.90 
4.42 
022 
8.51 
11.80 
1.95 
0.11 
0.42 



ethyltoluene isomers in the C 9 aromatic frac- 
tion is less than 0.35%. Hence, the tri- 
methylbenzenes may be separated with sub- 
stantially no contamination from ethyltoluene 
isomers. 

Pseudocumene (1,2,4 - trimethylbenzene) 
r also isomerized to the other trimethylben- 
zenes, mesitylene and hemimellitene, and is 
disproportionated to form toluene, xylenes and 
tctramethylbenzenes. Again, the aromatic frac- 
tion with one more carbon atom, namely the C l0 
fraction, than the feed material is substan- 
tially free of ethylaromatics such as ethyl- 
xylenes. Consequently, durene may be readily 
discovered from the C l0 aromatic fraction by 
crystallization. The ratio of the tetramethyl- 
benzenes formed on disproportionation arc 
8.8:53.0:38.2 for the 1,2,3,4 - to 1,2,3,5 - 
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to 1,2,4,5 - isomers. Although close to the 
thermodynamic ratio, the amount of prehni- 
tene (1,2,3,4 - tetramcthylbenzene) is slightly 
less and the amount of durene (1,2,4,5 - 
5 tetramcthylbenzene) is slightly greater than 
what would be expected from chemical equili- 
brium considerations. 

EXAMPLE 9 
A catalyst composed of 3.5 weight % of 
10 cobalt, 9.5 weight % of sulphur, and 15.0 
weight % of alumina, the remainder being 



hydrogen mordenite having a Si0 2 /AljO a 
mole ratio of 34/1, in the form of 1/16 inch 
pellets was employed to disproportionate ethyl- 
benzene and cumene. The conditions and re- 15 
suits are set out in Table IV. In each of 
the runs, 71 grams of catalyst were employed. 
In addition, runs A and B used an ethyl- 
benzene feedstock containing 2.3 ml of di- 
methyl disulphide per litre of ethylbenzene. 20 
Runs C and D used a cumene feedstock 
containing 2.4 ml of dimethyl disulphide per 
litre of cumene. 



TABLE IV 



25 


Run 


A 


B 


C 


D 




Temperature °F 


525 


573 


525 


570 




Pressure, p.s.i.g. 


800 


800 


800 


800 




LHSV 


2.6 


2 


2 


2 




H 2 /hydrocarbon mole ratio 


3.1 


3.2 


3.6 


3.5 


30 


Product Analysis, wt, percent 












Non-aromatics 


0.6 


2.0 


0.7 


1.9 




Benzene 


18.0 


20.0 


17.0 


21.3 




Toluene 


02 


0.8 


0.1 


0.1 




Ethylbenzene 


49.9 


48.2 


0.4 


0.5 


35 


Cumene 






42.5 


39.8 



m - and p - Ethyltoluene 
o - Ethyltoluene 
m - Diethylbenzene 
p - Diethylbenzene 

40 o - Diethylbenzene 

1,3,5 - Triethylbenzene 
1,2,4 - Triethylbenzene 
n - Propylbenzene 
m - Diisopropylbenzene 

45 o - Diisopropylbenzene 
p - Diisopropylbenzene 

1.2.4 - Triisopropylbenzene 

1.3.5 - Triisopropylbenzene 
Unidentified 



0.3 
trace 
18.4 
8.4 
2.0 
0.8 
1.3 



0.8 
0.1 
15.9 
7.3 
1.7 
1.7 
1.1 



0.1 



0.4 



4.5 
17.0 
0.2 
12.2 
0.9 
0.1 
4.4 



7.2 
11.8 
0.2 
10.2 
1.6 
0.2 
5.2 



50 As seen in Table IV, half of the ethylben- 
zene feed is disproportionated to benzene and 
diethylbenzenes, with very little formation of 
triethylbenzene or other by-products. The total 
amount of triethylbenzenes is less than one- 

55 third of the amount that would be expected 
from the degree of primary disproportionation 
of the ethylbenzene. In addition, the amount 
of 1,3,5 - triethylbenzene formed is less than 
the amount of 1,2,4 - triethylbenzene, even 

60 though thermodynamic considerations predict 
that the amount of the 1,3,5 - isomer should 
be double the amount of the 1,2,4 - isomer. 
The diethylbenzenes formed are in the ratio 
expected from thermodynamic considerations. 

65 A similar result is obtained when cumene 
is disproportionated. Tri - isopropylbenzene 
formation is suppressed relative to what would 
be expected from the degree of cumene dis- 
proportionation. Likewise, 1,3,5 - tri - iso- 

70 propylbenzene formation is suppressed rela- 
tive to 1,2,4 - tri - isopropylbenzene. 



It is seen that the shape-selective character 
of the acid-leached mordenite composite 
catalyst is advantageous in the disproportiona- 
tion of ethylbenzene or cumene. Their dialkyl- 75 
benzene products are more desirable than the 
trialkylbenzenes, and the composite catalyst 
suppresses the formation of triethylbenzenes 
and tri - isopropylbenzenes. 

WHAT WE CLAIM IS:— 80 

1. A composite catalyst which comprises 

(a) Hydrogen mordenite having a silica 
to alumina mole ratio of from 12 : 1 to 80: 1, 
said hydrogen mordenite being impregnated 
with 85 

(b) a sulphided metal from Group VIII 
of the Mendeleev Periodic Table, and 

(c) said composite catalyst comprising from 
10 to 50 weight % of an eta-alumina or 
gamma-alumina binder. 90 

2. A catalyst as claimed in Claim 1, where- 
in said Group VIII metal comprises from 0.2 
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to 10.0 weight % of said composite catalyst. 

3. A catalyst as claimed in Claim 1 or 2, 
wherein said Group VIII metal is nickel or 
cobalt and comprises from 3.0 to 8.0 weight 

5 % of said composite catalyst. 

4. A catalyst as claimed in Claim 1 or 2, 
wherein said Group VIII metal is platinum, 
palladium, rhodium or ruthenium and com- 
prises from 0.2 to 2.0 weight % of said com- 

10 posite catalyst. 

5. A catalyst as claimed in any preceding 
Claim wherein said alumina comprises from 
15 to, 30 weight % of said composite catalyst. 

6. A catalyst as claimed in any preceding 
15 Claim which comprises from 3.0 to 15.0 

weight % of a sulphided metal from Group 
VIB of the Mendeleev Periodic Table. 

7. A catalyst as claimed in any preceding 
Claim, wherein said silica to alumina mole 

20 ratio is from 25:1 to 50:1. 

8. A method of preparing a catalyst accord- 
ing to any preceding Claim which comprises 

(a) impregnating said hydrogen mordenite 
with a Group VIII metal; 
25 (b) admixing said improxed mordenite with 
hydrated alumina; 

(c) calcining the resulting mixture at a 
temperature up to 1100°F thereby converting 
said hydrated alumina into an eta - alumina 

30 or gamma - alumina binder; and 

(d) sulphiding said Group VIII metal. 

9. A method as claimed in Claim 8, where- 
in said hydrogen mordenite, before Step (b), 
is additionally impregnated with a Group VIB 

35 metal. r 

10. A method as claimed in Claim 8 or 
9, wherein Step (c) is conducted at a tem- 
perature of from 850 to 1000°F. 

11. A method as claimed in any of Claims 
40 8 to 10, wherein Step (d) is conducted at a 

temperature of from 400 to 800°F, 

12. A method as claimed in any of Claims 
8 to 11, wherein hydrogen sulphide is em- 
ployed in Step (d). 

45 13. A process for the conversion of alkyl- 
aromatic hydrocarbons which comprises con- 
tacting said hydrocarbon with a sulphide com- 
pound and a composite catalyst according to 
any of Claims 1 to 7. 

50 14. A process as claimed in Claim 13, 
wherein said hydrocarbon comprises alkylben- 
zenes having from 1 to 5 methyl groups. 

15 - A P r °cess as claimed in Claim 13 or 
14, wherem said hydrocarbon comprises alkyl- 
55 benzenes having from 1 to 4 methyl groups. 

16. A process as claimed in Claim 13 or 
14, wherein said hydrocarbon comprises one 
or more of the compounds toluene, xylene, tri- 
methylbenzene, tetramethylbenzene and penta- 

60 methylbenzene. 

17. A process as claimed in any of Claims 
13 to 16, wherein said conversion is under- 



taken at a temperature of from 400 to 750°F 
a space velocity of from 0.1 to 15 liquid 
volumes per volume of catalyst per hour and 65 
a pressure of from 100 to 2000 p.s.i.g. 

18. A process as claimed in Claim 17, 
wherein said temperature is from 450 to 
650°F, said space velocity is from 0.5 to 

8 liquid volumes per volume of catalyst per 70 
hour, and said pressure is from 800 to 1200 
P-s.i.g. 

19. A process as claimed in Claim 13 
wherein hydrocarbon corresponds to the 
formula: ^ 




where R is an alkyl group of from 2 to 16 
carbon atoms. 

20. A process as claimed in Claim 19, 
wherein R is an alkyl group of from 2 to 4 80 
carbon atoms. 

21. A process as claimed in Claim 19 

wherein said hydrocarbon is ethylbenzene' 

cumene, n - propylbenzene t - butylbenzene 

or a mixture of n - propyl - and isopropyl- 85 
benzene. r ' 

22. A process as claimed in any of Claims 
19 to 21, wherein said conversion is carried 
out at a temperature of from 350 to 650°F, 

a space velocity of from 0.1 to 15 liquid 90 
volumes per volume of catalyst per hour and 
a pressure of from 100 to 2000 p.slg. 

23. A process as claimed in Claim 22, 
wherein said hydrocarbon is ethylbenzene or 
^^^e^and said temperature is from 450 95 

24. A process as claimed in Claim 22, 
wherein R is an alkyl group of from 4 to 
16 carbon atoms and said temperature is from 
400 to 550°F. 100 

25. A process as claimed in any of Claims 
13 to 24, wherein said contacting is conducted 
in the presence of hydrogen. 

26. A process as claimed in Claim 25, 
wherein said hydrogen is employed in an 105 
amount of from 100 to 15000 s.c.f./bbl. of 
feed. 

27. A process as claimed in Claim 26, 
wherein said amount of hydrogen is from 
5000 to 10,000 s.c.f./bbl. 110 

28. A process as claimed in any of Claims 
25 to 27, wherein the amount of said sul- 
phide compound is sufficient to provide a mole 
ratio of hydrogen sulphide to hydrogen of 
from 3X10- 4 to lxlO" 2 in the gas phase 115 
over the catalyst. 

29. A process as claimed in Claim 28, 

5X10^ ^ m ° le rati ° iS fr ° m 7x10-4 t0 

30. A catalyst as claimed in Claim 1 sub- 120 
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stantially as herein described with reference 
to any of Examples 1 to 3 and 6. 

31. A method as claimed in Claim 8 sub- 
stantially as herein described with reference 
to any of Examples 1 to 3 and 6. 

32. A process as claimed in Claim 13 sub- 
stantially as herein described with reference 
to any of Examples 1, 7 and 8. 

33. A process as claimed in Claim 13 sub- 



stantially as herein described with reference 
to Example 9. 
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Chartered Patent Agents, 
Hancock House, 
87 Vincent Square, 
London SW1P 2PH. 
Agents for the Applicants. 



Printed for Her Majesty's Stationery Office, by the Courier Press, Leamington Spa, 1975, 
Published by The Patent Office, 25 Southampton Buildings, London, WC2A 1AY, from 

which copies may be obtained. 



